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This invention relates to lighting control sys-
tems and particularly tc. a novel method and
means for controlling the selection of hues of
colors in a color lighting system and also the
light values of the selected hues and combining:
the hues thus selected whereby Hlumination
having a wide range of resultant hues of color
will be produced.

In the systems of color lighting using a plu-
rality of sources of color, such as those systgms.
largely employed heretofore in theatres, motion
picture houses, shop windows, ball-rooms, and
other places where color lighting is desired either
for dramatic effect or for decorative or display.
purposes, it has been found necessary. to employ
in the control apparatus more than one bright-
ness control for the plurality of sources of color.
This requirement obviously not only. greatly- in-
creases the cost of the control apparatus bhut also.

necessitates greater space for containing it. One <

of the objects of the present invention is tc min-
imize the cost and the space requirements of a
color lighting system employing s plurality of
sources of color, that effect being attained by
novel means in which the voltage regulation of
a plurality of sources of color is effected by means
of a single brightness control.

In the production of pastel hues of color in a
color lighting system by combining white light
with colored light, it is of course necessary to
maintain the infensity of the white llumination
at & low value with respeet to. the light values of
the colored illumination in order to prevent the,
overpowering of the colored light by white light

which would result in the production of off- :

white llumination instead of pastel hues, In the
present invention, in which electrical sourceg of
white light and colored light are employed, the
contrel of the intensity of the white light is ef-
fected by a neovel and unusual arrangément of
the control circuit by, which one of the sources
of colored light is connected in series with the
source of white light so as te. reduce the voltage
applied o the source of white light, the source of
colored Hght thus connected in series with the
white light being one which quring the period of
activation ef the other sources of light would
otherwise remain inactivated. In a lighting sys-
tem employing red, green, blue, and white, in
whieh one of the sources of color is connected in
series with the source of white to reduce its in-
tensity, as menticned above, the pastelling effect
produced by white light of reduced intensity is
enhanced by the lght produced by the color
source that is in series with the white source,
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singe the hue of that color source is always the
complementary hue of that produced by the other.
two, colors and therefore contributes to. the
pastelling of the resulting hue of said other two
colors.

In some. lighting control systems heretofore
employed, which required the use of variable
auto-transformers, it was necessary to. provide a
transformer in which some of the turns of the.
winding at the high voltage end thereof were re-
placed by a conductive plate onto which the mov-
able contact member of the transformer would
ride when it reached that end of the coil, such
arrangement being essential to avoid the burn-
ing out of the transformer by the short-circuit-
ing of one or a few turns of the winding at the
high-voltage end during the switching opera-
tions of the control circuit. One of the advan-
tages of the present invention, which will be fully
described hereinafter, resides in the fact that the
switching means employed entirely removes the
possibility of short-cireuiting any of the turns of
the winding of the transformer during the op-
eration of the control apparatus and therefore
permits the employment of standard types of
auto-transformers.

The invention is further characterized by the
inclusion of a chromatic scale showing the hues
of color that are attainable by this invention, the
scale. having associated with it a pointer the
movements of which result from those of a con-
trol knob whereby the apparatus may be set to
produce illumination of any desired color.

Furthermore, each control unit is arranged not
only for the manual adjustment of the apparatus
contained in said unit whereby any hue of color
upon the associated chromatic scale may be pro-
duced at will by the group. of lamps controlled
by said apparatus but the unit is also designed
to be motor-operated whereby the entire range
of hues of colors of said scale may be repetitively
produced. Furthermore, said apparatus is ar-
ranged to be locked in either the manually-op-
erated position or the motor-operated position,
as desired. Obviously, a plurality of such units
may-be grouped in a suitable framework so that
all may be operated by the same driving means.
Furthermore, since the control units may he
readily changed from the manually-operated po-

- sition to the motor-operated position, and vice

verss, and locked in either of said positions, cer-
tain units in such a group of units may be set for
motor-operation and others set for manual-op-
eratlon, thereby producing an illumination effect

' In which the colors repetitively produced by the
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light sources controlled by the motor-operated
units will be contrasted with the hues of color of
the light sources controlled by the manually-op-
erated units, and indicated by the particular set-
ting thereof. For example, one of the units in a
group may control one set of side lights in a
window lighting system, a second unit may con-
trol another set of side lights, and a third unit
may control the set of lights at the top of the
window, and the units of the group may be ad-
justed so that the illumination from the side
lichts will continuously vary while that from the
top lights will remain fixed thereby producing
the desired color effect. When all units are con-
nected so as to be operated continuously, they
may be set to begin the production of color at
different peints upon a chromatic scale, such as
that deseribed hereinafter, and after being thus
set, the switching mechanism of the several units
will maintain throughout the entire sequence of
hues of color the same relationship between the
hues produced by the several units that existed
at the initial setting of the units, thereby pro-
ducing unusual and striking color effects.

Other objects of this invention will be apparent
from the following description when read in con-
nection with the attached drawing in which:

Fig. 1 is a circuit diagram representing one
form of the invention;

Fig. 2 is a chart showing the time of operation
of the ecams shown in Fig. 1 throughout the one
complete color cycle of 360°;

Fig. 3 shows the voltage curve of the single
dimmer employed in this invention throughout a
complete color cycle, and also shows the curve
of intensity of white light in lumens correspond-
ing to the voltage variation;

Fig. 4 is a perspective view of one form of the
driving and timing apparatus employed in the
circuit shown in Pig. 1; and Fig. 4a is a detail
of the apparatus shown on Fig. 4;

Fig. 5 is a circuit diagram of a modification of
the circuit in which the present invention is em-~
ployed;

Tigs. 6, 6a, and 6b show an arrangement for
coupling together a plurality of contro] units and
operating them from the driving means con-
nected to one of said units.

Figs. 7 and Ta are modifications of a portion of
the circuit of Fig. 1, Fig. 7 showing means by
which the normally inactive source of color in a
three color lighting system may be beneficially
employed by connecting said source to the dim-
mer in series with a resistance to control the in-
tensity of light of said source; and Fig. 7Ta shows
means by which the normally inactive source of
color in a four color lighting system may be em-
ployed either in combination with two of said
colors as in Fig. 7 or with three of said colors in
the manner shown in Fig. 1.

Figs. 8 and 8a are modifications of a portion
of the circuit in Pig. 5 showing two other ways
in which the intensity of the white light in said
circuit may be controlled; and

TMig. 9 is a color chart for use in a lighting sys-
tem employing white, red, green, and blue sources
of light showing the range of hues of color re-
sulting from the sequence of adjustments of the
apparatus in which the present invention is em-
bodied.

Throughout the following description of this
invention, it has been assumed, for the purpose
of illustration, that each source of white light is
an incandescent lamp and that colored light is
obtained by passing white light through color
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filters in the manner described in my book en-
titled “The Technique of Stage Lighting” pub-
lished in 1947 by Sir Isaac Pitman & Sons, Lon-
don. At the outset, in order to avoid misunder-
standing, it is essential to peint out that the
Jumen values represented by the “Lumens” curve
shown in Fig. 3 are solely those of the source of
white light: they do not indicate the light value
of colored light that may be produced by pass-
ing white light through a color filter.

In Fig. 1, which shows a preferred form of the
invention, 100 and (01 represent the conductors
of a supply circuit for the operation of a four-
color lighting system employing a source of white
light and sources of red, green, and blue light,
with which the present control apparatus is asso-
ciated. Across this supply circuit is connected
the winding of an auto-transformer { the mov-
able contact member 2 of which is connected to
the lamps of the lighting system, the mode of
connection of which will presently be fully de-
seribed. For convenience, the conductor (08 is
referred to hereinafter as the live side of the sup-
ply circuit, and conductor 101 as the neutral or
grounded side thereof, but it is to be understoed
that the control system will work equally well if
those conditions in the circuit are reversed.

The control apparatus employs a plurality of
low pressure, small displacement switches, as,
for example, “Micro-switches,” which are desig-
nated A to F, inclusive, in the figure. The upper
contact points 3 of switches A, C, and E, are
connected to conductor 199 of the lighting cir-
cuit. The lower contact poinfs 4 of the switches
A, C, and E, are connected to the conductor 53
which, in turn, is connected to the contact mem-
ber 2 of the auto-transformer; and the movable
contact members 5 of each of the switches, A, C,
and E, are connected to the upper contact mem-
bers 6 of each of the switches B, D, and F, respec~
tively. The lower contact points T of each of
the latter switches are connected to conductor
45 which, in turn, is connected to contact point
8 of a manually-operated switch 9 which is as~
sociated with the white lighting circuit. The
movable contact members 10 of each of the
switches B, D, and F, are connected to the red,
green, and blue lamps, respectively. Associated
with the movable contact members 5 of switches
A, C, and E, are cams, as i1, 12, and I3, respec-
tively, and similarly associated with the movable
contact members {0 of switches B, D, and F, are
cams, as I8, 15, and (6, respectively, said cams
serving as controlling means for the switches.
While the two groups of cams are shown mounted
upon separate rotatable shafts (indicated by the
dot-and-dash lines), such showing is merely for
the sake of clarity since it is preferable to mount
all cams upon the same shaft, such as 30 in Fig.
4. A color chart, as 46, and an indicator, as 31,
in Fig. 4, will show the hues of color throughout
the range of colors produced by the color light-
ing system during the rotation of the shaft 30
through the angular distance of 360°. Each of
the cams, i1, 12, and 13, has two operating sur-
faces, and each of the cams, 14, 15, and 16, has
one operating surface, the length of the cperat-
ing surfaces and their relative positions in a
preferred embodiment of the invention being as
shown in Fig. 2. The white lamp is connected to
the movable contact member 1T of the switch
9, the lower contact point 18 of which is con-
nected to conductor 101 representing the neutral
or grounded side of the supply circuit. Kach of
the circuits may be protected by circuit breakers,



2,851,743

such as 40 and 41, or by switch-fuses in accord-
ance with -conventional practices, if desired.

‘The manner in which ithe ‘control vircuit of
Fig. 1 is operated to select sources of light and
to regulate their intensity, will be described first
as limitzd to the ‘use of sources of colored light
solely, and thereafter a deseription will be given
of the mode of operation of the cireuit to effect
the production ©of pastel hues and of-white
colors.

Referring to the graph, ®ig. 2, which shows
by the darkened areas the time of operation and
the duration of operation of sach of the switches
A to F, inclusive, hy the:cams 14 to (8§, inclusive,
it will be seen that at the beginning of the color
cycle of 360°, switches A, C, and F, are then op-
erated, having previously been operated by the
cams {4, 12, and 18, respectively, associated
therewith, and the swifch D will be operated by
the action of the cam 5. Accordingly, at that
instant contacts 4 of switchies A and 'C will he
closed and likewise contacts 6 of switches D and
F. Through contact 6 of switch P a circuit will
he closed which will extend from the -conductor
168 to conductor 481 of the supply circuit and
will include contact 3 of switch E, contact 6 of
switeh F, and the blue lamp, which will produce
blue light which will be of maximum intensity
since the voltage applied thereto is the full line-
voltage. Threough the operation of switches C
and D a circuit is established that extends from
the movable contact member 2 «of the auto-
transformer to conductor 181 of the supply cir-
cuit and includes conductor 53, contacts 4 and
§-of switches C and D, respectively, and the green
lamp, thereby applying the dimmer voltage ‘to
that lamp. The switch A remains operated
through the angular distance of about 15° and
then is released. 'This prolongation of the time
of operation of switch A is to prevent the con-
nection of the red lamp directly acress the sup-
ply circuit {00—101, and the undesired produc-
tion of a flash of red Tight of full value, which
would be the result if the release of switch A oe-
curred prior to the release of switch B.

Referring to Fig. 3, it will be seen that at the
beginning of the cycle the dimmer voltage is a
minimum, viz.,, 20 volts, and in consequence
thereof, there will be substantially no illumina-
tion produced by the gresn lamp. As the con-
tact member 2 moves along the winding of the
auto-transformer, the voltage increases as shown
in Fig. 3 and reaches the full line-voltage at 60°
of the full cclor cycle of 360° as represented hy
the color chart shown in Fig. 9. It will be noted
that throughout the period in whieh the intensity
of green light has heen gradually increasing the
blue light has remained constant at maximum
intensity. Accordingly, there will be a merging
of those colors, the blue predominating during
the early part of the peried of time until the
green light reaches its maximum at 60°, when
green light and Llue light will be at full inten_sity.

Referring again to Fig. 2, it will be seen that
shortly before the 60° point is reached, the cam
12 releases switch C while switches D and F re-
main operated. Shortly after the release of
switch C, switch E will be operated by cam 13.
It is desirable o mention that each of the cams

operating switches A, C, and E, is designed fo 7

release its controlled switch at 69°, 180°, and
300°, upon the color cycle before the next switch
of that group is operated so as to insure that at
those points on the color cycle, which are points
of maximum voltage, only one color cireuit is con-
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neeted to the dimmer when its voltage is maxi-

-mum. Upon the operation of switch B g circuit

will ‘be closed that will extend from the -contact
member 2 of the dimmer to conductor 181 and
will include conductor 53, contacts 4 and ‘6 of
switches E and F, respectively, and the blue lamp,
thereby connecting that lamp to the dimmer eir-
cuit. - Upon ‘the release of switch C its contact 3
is closed, and since contact 5 of ‘switch D remains
closed, the green lamp will be ‘connected directly
across the supply circuit. The net result is that
both colors, viz., blue and green, are still present
n the illumination at almost identically the
same ‘strength as before those changes occurred.
If the switches are 'of snap -action type, as, for
example, “Micro-switches,” the change in the
connections canmot be discerned by the eye be-
cauise the lamp ‘circuit is broken during an ex-
tremely short period, approximately 1490 of a see-
ond, and the lamp filament does not lose all iits
heat in that time. Referring again to Fig. 3, it
will be seen that from 60° onward, green light
is at full intensity whersas the intensity of blue
is diminishing; accordingly, green will domi-
nate throughout that range, producing shades of
blue-green, and that condition will continue until
the switch ¥ releases at the 120° point .in the
celor eycle when blue vanishes.

Shortly before the 126° point in the color tycle
is reached, switch A will be operated, and at the
129° point switch B will be operated, Thereby
connecting the red lamp to the ‘dimmer at the
point of minimum voltage. ‘Switch D remains op-
erated at 120°, which maintains the green light
st maximum intensity. Switch F will be released
at that point, as mentioned before, and switch E
will ke released shortly thereafter, thereby dis-
connecting the blue lamp. Thereafter the dim-
mer voltage will rise and the intensity of red light
will increase, reaching maximum light value at
180° of the color cycle. Consequently, through-
out the period from 120° to 180° the hues of color
will be a combingtion of green and red ranging
through yellow-green to yellow.

Bhortly before the 180° point is reached, switch
A is released, and shortly beyend that point
switch C is operated. At 180° switches B and
remain operated. The continuance in operation
of switch B after release of switch A connects
the red lamp across the supply circuit 180181
which applies the full line-voltage to that lamp
and thus maintains the intensity of red illumina-
ticn at maximum light value throughout the
range from 180° to 300°. The operation of switch
C and the continuance in operation of switch T
connects the green lamp to the dimmer, the volt-
age of which is, as shown in Fig. 3, gradually di-
minishing, reaching its minimum at 240° where-
upon the green light vanishes. In the period
between 180° and 249°, the illumination will be a
combination of red and green lisht in which red
will predeminate, thereby producing hues of color
ranging from yellow through orange to red. A
240° switch D will be released and switch C
shortly thereafter. Shortly hefore the 240° point,
switch E will be operated, and at 240° switch P
will be operated, and switch R remains operated.
The operation of switches E and ¥ connects the
blue lamp to the dimmer snd by the continu-
ance of operation of switch B the red lamp re-
mains connected across the supply circuit. Ac-
cordingly, from 240° to 300° red will be at maxi-
mum intensity and blue will rise to the maxi-
mum Hght value at 300°, thereby producing coms-
Binations of red and blue in which red will pre-
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dominate. Switch E will be released shortly be-
fore the 300° point is reached, and switch A will
be operated shortly thereafter, thus effecting the
connection of the blue lamp across the supply
circuit and the red lamp to the dimmer, the
voltage of which is diminishing. Accordingly, in
the last period of the color cycle, there is a com-
pination of red and blue, in which blue will pre-
dominate. It should be noted that at 60°, 180°,
and 300°, which are points of maximum dim-
mer voltage, the cams are designed to provide
separation in point of time between the release
of one of the switches of the group A, C, and E,
and the operation of another switch of that group,
this separation, which may be of the order of 6° to
10°, being desirable because it ensures the discon-~
nection of one lamp from the dimmer before the
connection thereto of another lamp, thereby pre-
venting the overloading of the dimmer.

During the course of operation of the contrel
apparatus just described, only the deep colors,
red, green, and blue, have been employed in ef-
fecting the range of hues of illumination that is
produced by the combination of those colors. In
order to extend the range of hues of color, as,
for example, to produce pastel hues, it is neces-~
sary to combine some white light and/or light of
the complementary color with the deep colors
previously mentioned, the intensity of the white
light thus introduced being preferably about 10%
of the lumen value of the white source at the
full voltage normally applied thereto. The com-
bining of white light with colored light is ef-
fected, in the circuit of Fig. 1, by the closing of

the contact between the movable member 17 of ¢

switch 9 and the contact point 8 thereof. That
operation not only introduces white light into a
combination of colored light, but also automat-
ically adjusts the intensity of the white light
thus introduced, that adjustment in intensity of
white light being effected by a reduction in the
voltage applied to the white source in a novel
manner which will now be described.

It will ke noted that during the operation of
the control circuit, as previously described, one
of the colored lamps is, at any instant, connected
directly across the lighting circuit so that the full
line-voltage will be applied thereto, another col-
ored lamp is connected to the dimmer the volt-
age of which varies cyclically between a minimum
and a maximum, and the third colored lamp has
no voltage applied to it, such being the condition
of the red lamp during the period from 0° to 120°,
the blue lamp during the period from 120° to 240°,
and the green lamp during the period from 240°
to 360° of the color cycle. Since those idle lamps
represent electrical resistance, use is made of
them to reduce the voltage across the white lamp,
the manner of doing which is as follows:

When the movable member {7 of switch 9 is
operated upwardly so as to close its contact 8, the
white lamp will be connected through contact 8
and conductor 45 to contacts 1 of the switches
B, D, and F. Referring to Fig. 2 it will be seen
that during the period from 0° to 120°, switches D
and F are operated and in consequence their con-
tacts 7 are open, but switch B is not operated
during that period and consequently its contact T
ig closed. Accordingly, the red lamp will be con-
nected in series with the white lamp W and the
dimmer, and since both lamps have the same
resistance value, the voltage applied to each of
those lamps will be one-half of the dimmer volt-
age. In consequence the illumination given by
the white lamp is markedly reduced, as shown by
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curve Y of Fig. 3, the maximum being about 10%
of the full lumen output of the lamp at ifs nor-
mal voltage of 120 volts, which amount of white
light has been found to be satisfactory for com-
bining with colors to produce desired hues of
pastel colors. It is of course obvious that in a
eircuit such as that shown in Fig. 1 in which &
colored lamp is connected in series with a white
lamp to reduce the intensity of illumination of
the white lamp, the colored lamp will also be
activated. In a four color system employing
white, red, green, and blue sources, the lamp that
at a given time is connected in series with the
white lamp, also has a pastelling effect, the
reason for this being that the color of the lamp
in series with the white lamp is the comple-
mentary color of the hue produced by the other
two colored lamps. For example, if red and green
lamps are connected to the dimmer and to the
line, respectively, the illumination of those colors
will be equal in intensity when the dimmer volt-
age equals the line-voltage, and the resulting hue
of that combination is yellow. That color is the
complementary coler of blue, which is the color
of the lamp then in series with the white lamp.
Accordingly, the light from the blue lamp will
contribute to the pastelling of the other of said
colors. Upon referring to Fig. 3, it will he seen
that during the middle of the period from 0° to
120° the control apparatus will effect the produc-
tion of pastel hues by the introduction of a small
amount of varying white light supplemented by
the complementary effect of a small amount of
varying red light in the manner above described;
similarly, during the period between 120° and
240° the blue lamp will be connected in series
with the white lamp and thus will contribute to
the pastelling; and in the period from 240° to
360° the green lamp will be similarly connected
and will function similarly to the red and blue
colors. Hence, at the midpoint of each of those
periods, that is to say, in the region in which the
rate of change of the voltage curve is least, the
illumination resulting from two selected deep
colors (red and green in one instance, blue and
ved in the second, and green and hlue in the
third) will be modified not only by the addition
of white of low intensity but also by the com-
plementary color of the hue resulting from the
selected pair of colors so as to produce a range
of pastel hues which theoretically are infinite in
number.

Trom the foregoing description it will be ap-
parent that by means of the novel control ar-
rangement shown in Fig. 1, it is possible to con-
trol by an apparatus employing a single dimmer
the intensity of light produced by four distinct
sources simultaneously, at values of illumination
that differ widely; for example, in the range be-
tween 45° to 50° of the color cycle there would be
present in the illumination produced by the color
lighting system, blue light of maximum intensity,
green light approaching maximum intensity,
white light approaching 109 of the lumen value
of the white source at full normal voltage, and
red light (the complementary color of the re-
sultant of green and blue) at a light value less
than that of the white light.

When it is desired to produce a range of tinted
whites, instead of pastel hues, it is necessary to
control the color lighting system so that white
will predominate in the illumination, the deep
color being subordinate thereto. This illumina-
tion effect may be accomplished in the apparatus
shown in Fig. 1 by operating the movable contact
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tiember 11 of switch: 9 downwards so as: to close
its contact 8, and thereby connect the white
lamp:directly between the movable contact mem-
her 2 of the dimmer-and the neutral or grounded
side of the line I1&¢. When the white lamp is thus
connected the full voltage of the. dimmer will be
applied to that Iamp and the intensity of white
llumination in:lumens wilbxange from:0-to 100%.

The effect to the eye when the white Hlumination

exceeds:say 25% of its full value, is that of white
llumination tinted by whatever combination of
deep colors: may be selected by the operation of
the switches shown in Fig. 1. The off~-white hues
resulting from the combining of intense white
light: with. deep colors: are: designated: in: Fig. 9-in
the segments within the inner eircle of the chart
as “Cold Whites,” “Warm: ‘Whites;,” and. “Flesh
Whites,” the Cold: Whites being those in which
the tinting is effected by the combination of blue
and green. light; the. Warm: Whites being those
tinted: by the combination of: green. and red; and
the Flesh: Whites being those tinted: by red and
blue in combination. The combinations of deep
colors: produce the hues. that are indicated upon
the outer circle of the: chart and: those hues give
to:the intense white the tints that are indicated
upon.: the segments within: the inner circle. It
will, of course; be understood that in: the pro-
duction of off-white light thie nen-activated color
source; which: in: pastelling is connected in series
with: the white lamp; is entirely disconnected
therefrony by: the opening of contact. 8 of switch
§ and therefore has no effect in the production. of
white light,

Fig. 4 shows.one form of the apparatus for con-
trolling: the voltage and also the connections in
the circuit hereinbefore described. The appara-
tus ineludes a driving shaft 26:to- which is fixedly
attached g pinion 21, a crank 22, and & knob 32,
by: which. the shaft may be rotated manually. A
crank-pin- 23 is- attached to.the- crank, the mode
of attachment being such. that the radial dis~-
tance of the pin- from. the center of rotation of
the crank may be adjusted at will: An. arm 24
which is movably connected to the crank-pin has
at its- outer end: a rack 25 which: meshes- with a
pinioxn 25 that-is connected:to a-shaft 27, to-which
is-Tastened: a contact member: 23'which is is con-
tact with the winding 59 of the dimmer or other
voltage-varying device 63, The contact member
makes contact with-the successive turns. off the
winding §8: when the shaft: 27 is: rotated in ac-
cordance with the forward and- backward move-
ments of the arm: 24 and applies the dimmer volt-
age to-the lamps sHown in Fig: 1. The pinion
2{ meshes with a gear 29:-which is-fixedly mounted
upon the shaft 33 upon which is also mounted a
plurality of cams Ii to: 18, inclusive. Each of
the cams makes-contact with the movable - mem-
ber § of one of the switches A to I, inclusive.
The-shaft 25 also:carries. a pointer &, which, in
the: course of operation of:the apparatus. moves
across a- color chart' 4%, shown in fragmentary
form in Fig: 4 and fully in Fig: 9, which may be
mounted within-or upon the casing in which the
apparatus is installed: The length of each of
the two. operating surfaces: or projections. upon
eachi-of the cams: A; C; E, as shown.in Fig..2; may
ke of'the order of 70° to 73°: and the projections

upon cams B, D; and F, may: he: 240° in. length:

as:shownrin that fisure. The .cams are mounted
upon.the shaft 3G:so that those surfaces orpro-
Jections will: come into play at the:points upon
the - color cyele: indicated: in: that figure: of the
drawing.
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The mode of operation of the control appa-
ratus to produce a desired hue of color by the
lamps controlled thereby is as follows: The knob
22 is turned until the pointer 34, associated. with
the color chart 45, is adiusted to. indicate the
desired eolor: The turning of the knob 32 simul-
taneously effects the rotation of the gear 2§ and
the movement of the arm 24. The rotation of
gear 29 causes the cams I to 18§, inciusive, to
rotate, and: their movement effects the operation
of the switches A to- I, inclusive, in. predeter-
mined order as shown.in Fig. 2. The movement
of the arm 24 adjusts the position of the contact
member 28. upon the winding 58 of the dimmer,
Since- the arm. 24, the pinion 21, and the gear
29, moves simultaneously, there is obviously a
cefinite: relationship hetween: the instantaneous
values. of the dimmer voltage: and the. electrical
connections of the-lamp. circuit which are con-
trolled by the cams upon the shaft 29 to which
the-gear 29 is attached. That relationship is im-
portant because-it.is:by virtue of it that the same
wide range: of colors-shown on the chart of Fig.
9  may be reproduced again and again by the
lighting: control system. in: which. this. invention
is embodied.. When the shaft 20: makes one rev-
olution, the. contactor 28 of the dimmer will be
moved from. one terminal of the dimmer winding
to the: other terminal thereof and back. again
to the-first terminal, thereby causing the voltage
applied to a given lamp: to vary through a.com-
plete cycle of voltage:as shown in Fig. 3. During
that time the gear 28 will. be-moved by the pinion
21; through one-third of a. compleie revolution
since-the ratio of the -gear to pinion, in the case
assumed: for- illustrating the invention, is three
torone. Accordingly; the pointer 31 which is fas-
tened: to-the shaft: 30 will move through 120° of
the: full coler- eycle: of the chart 46, and there-
after- will move- through the same angular dis-
tance for each: complete revolution of.the pinion
2f; and: for the:full 360° of the:color cycle there

" willi be:three:cycles of dimmer voltage as shown

by: Figs..2 and 3. When the cams are correctly
propertioned: and properly positioned upon the
shaft; 30, they willioperate and release the switch-
es.A to Frat the times indicated in: Fig..2 and will
maintain them operated:during the periods indi-
cated. Since the:cams-and the diramer are con-
trolled: by: the: same controlling: means; viz., the
knob: 32° and the shaft: 20;. and- since the ratio
oft the pinion:to the.gear 29 is fixed, the relation-
ship between.the: dimmer voltage and the action
of " the' cams' is' likewise: fixed so that the same
desired' hue: of* color: may be obtained, over and
over, by: merely: setting' the pointer 31 at the
point upon the chart 4% that shows the desired
hue. When the peinter is: thus set, thie proper
switches: will:have Been' operated - to connect one
of the-colored:lamps-to the dimmer, another-col-
ored- lamp- across the: supply eircuit, and in the
case-of’ pastel shades, the third: colored light in
series with-the:white lamp andthe dimmer; and
the- voltage- of  the dimmer is automatically ad-
justed to produce:light of the proper intensity
or- light value that when combined with- light
from:the source: connected across the supply cir-
cuit. will create the: desived hue- of: color: FPor
the: sake: of' clarity, the- electrical connections
have:been omitted: from:Fig. 4, but it is to be-un-
derstood that: the apparatus.shown in the latter
figure: may be. connected either in: the manner
shown:in Fig, Lior-Fig; 5 the latter of: which- will
presently: be described:

Fig: 4a¢ sliows a.modification: of: the arrange-
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ment of the cams for the control of the “Micro-
switches” by which six switches may be operated
by two cams instead of six cams as in the ar-
rangement of Fig. 4. The cam 64 has thereon
two raised surfaces which coact with the movable
members of switches A, C, and E, to effect their
operation, the length of these surfaces and the
spacing being that indicated in Fig. 2. The cam
G5 has thereon a singe raised surface 240° in
length as shown in that figure which controls
the operation of switches B, D, and F. When
those cams are correctly positioned upon the
shaft 36, the operation of the switches and the
circuits controlled thereby will be similar to that
shown in Fig. 4 and described hereinbefore.

" The arrangement shown in Fig. 5 is a modi-
fication of that shown in Fig. 1, the modifica-
tion consisting in the use of two white lamps
which may be connected in parallel, when great-
er intensity of white light is desired, or in series
with each other to cut down the voltage supplied
to each lamp when it is desired to reduce the
intensity of white light. In the eircuit shown in
Fig. 5, the switches A, C, and E, are double-

throw, double-pole switches, preferably of the’

- «pfiero-switeh” type similar to those shown in
Fig. 1; the switches B, D, and F, are single-pole,
single-throw switches, preferably of the same
type as the switches A, C, and E; all said switches

are mounted preferably upon the same shaft, as 3

shown in Fig. 4, but they may he mounted upon
separate shafts as mentioned hereinbefore. The
switches A to F, inclusive, control the selection
and actuation of the sources of colored light: red,

green, and blue, the manner of doing which will 3

presently be described. When the switch 1§ is
operated to the left (as shown in Fig. 5), two
white lights, Wi and W2, are connected in par-
allel between the contact member 2 of the dim-~
mer 28 and conductor 181 of the supply ecircuit,
the connection including the left-hand contacts
of the switeh. Upon the movement of the mem-~
pers 32 of that switch to its right hand contacts,
the white lights will be connected in series with
each other, which, as shown by the curve Y in
Fig. 3, will cut down the illumination given by
each of the white lights to about 10% of the max-
imum intensity in Iumens that each is capable
of producing at its normal voltage, €. g., 120 volts.
The manner in whieh the circuit of Fig. 5 op-
erates to control the color lighting system is as
follows: It will be assumed that the movable
rembers 32 of the switch [9 are upon the right
hand contact points of the switch which con-
nects the white lights W1 and W2 in series with
each other, and that the knob 32 has been turned
sufficiently to effect the operation of the switches
C, D, and F, as shown at the left hand side of
Pig. 2. The operation of switches C and D ap-
- plies the dimmer voltage to the source of green
light, but no illumination will result thereirom,
since, as shown in Fig. 3, the voltage of the dim-
mer at that instant is the minimum. Since
switch F is also operated at that time, the full
line-voltage will be applied to the source of blue
light which will produce illumination of maxi-
mum intensity. Since the white lights, W1 and
W2, are also connected to the dimmer, no illumi-
nation will be produced by them at that instant,
therefore, at the beginning of the color cycle the
illumination will come from the blue source, but
as the knob 32 continues to move through the
. range from 0° to 60°, the intensity of the green
light will gradually increase and will reach its

- ‘maximum at 60°; the intensity of the white light
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will also increase and reach it maximum at 60°;
put since the white lamps are in series (the volt-
age across each lamp is one-half the normal
voltage) the intensity of the white light is great-
ly limited, as shown by curve Y. This effects the
creation of pastel hues as deseribed hereinbefore
with reference to the circuit of Fig. 1. Near 60°
of the color cycle, as shown in Fig. 2, switch C
will be released by the operation of cam 12, and
shortly thereafter switch E will be operated so
that, as shown in Fig. 2, switches D, E, and F,
will then be operated. The operation of switches
B and F connects the blue source of light to the
dimmer, and the operation of switch D connects
the green source across the line, Since the dim-
mer voltage falls throughout the range of 60° to
120°, the intensity of the light from the blue
and the white sources will diminish thus leav-
ing the light from the green source dominating
at the end of the cycle. In similar fashion, the
several sources of colored light will be activated
by the operation of the switches under the con-
trol of the cams in the sequence shown in Fig. 2,
and the resulting deep hues of color will be pas-
telled by the relatively small amount of white
which is represented by curve Y of Fig. 3. When
it is desired to increase the intensity of the white
light, the switch-arms 32 are moved to the left
hand contacts of the switch 19 thereby connect-
ing the lamps in parallel between the dimmer
and the neutral side 101 of the supply circuit.
This effects a marked increase in the intensity
of the light given by the white lamps, as shown
by the curve X in Fig. 3, which reaches its max-
imum at 60°. Thereafter the intensity of white
illumination diminishes up to 120° of the color
cycle, when it becomes practically nil. The dim-
mer voltage cycle is repeated hetween 120° and
240°, and between 240° and 360° as shown in
Fig. 3. The intensity of the white light is so
great as to dominate the illumination, the deep
colors serving merely to tinge the white light.

The resulting illumination therefore is a range

of near-white light.

Tn the foregoing description of the control ap-
paratus disclosed in circuit form in Figs. 1 and 5
and in mechanical form in Fig. 4, only manual
operation of the apparatus has been mentioned,
but it is not limited to that mode of operation.
The apparatus may be operated either manually
or by power, as by an electric motor or other suit-
able means as is shown in Figs. 6 and 6a. The
arrangement shown in Fig. 6 provides not only
for the selection of particular hues by manual
operation of the apparatus but also makes pos-
sible, by a motor drive, the continuous produc-
tion of the entire range of hues of color in se-
quence. As there shown the shaft 20 to which

_is fastened the pinion 21, which is normally in

engagement with the gear 29 for manual opera-
tion of the apparatus, is arranged to be moved
longitudinally, as shown in the figure, so as to
move the pinion into engagement also with the
gear 37 when continuous operation of the ap-
paratus is desired. When the pinion 2{ is in en-
gagement only with the gear 29, operation of
the control apparatus is effected manually by ro-
tation of the knob 32 precisely in the manner
heretofore described. When continuous rotation
of the cams is necessary in order to produce the
entire range of hues of color in sequence, shaft
30 may be driven by a motor such as 38 in Fig. 6a,
or other source of power which may be connect-
ed directly to the shaft 30 or indirectly, as shown
in that fisure, by a belt or chain drive. The driv~
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ing- force is applied to s, sprocket, as 34, which
is fastened to the shaft 36 to which is also fas-
tened the gear 37; which, as mentioned, is nor-
mally disengaged from the control: apparatus.
In order to render the gear- 371 effective to drive
the cams and the arm that controls the auto-
transformer, the shaft 28 is moved inwardly, that
is, to the left as shown in Fig. 6, to such extent
as to bring the pinion 21 into engagement also
with gear 8%: Thereupon the continuous retary
movement of the gear 37 will be transmitted
through the pinion 21 to the gear 29, which, in
turn, will effect the continuous rotation of the
cams {1 to 16, inclusive, and the operation of the
switches A to T, inclusive, as well: as the oscil-
latory movement of the arm 24. When eontinu-
ous- operation of- the control apparatus is no
longer desired, it may be stopped by withdraw-
ing the pinion 2! from engagement with the
gear 3T.
engagement with the gear-28 for manual opera-
tion of-the apparatus.

In order to prevent the pinion 2 from becom-
ing disengaged from the gear 31 while the ap-
paratus is being driven by the motor, holding
means has been provided which prevents the
shaft from moving toward the right, as shown in
Fig. 6; after it has been pushed to the left to
effect the engagement of the pinion and said gear.
The holding means there shown includes 5 mem-
ber 49 to which 2 knob 50 is fastened, said mem-
ber extending through the wall 52 of the casing
and- being movably supported thereby. The
member 49 -has-an arm 47 rigidly fastened there-

on- which, as shown in enlarged.form in Fig. 6b, :

has a notch therein near its outer end, the width
of the notch- being-slightly greater than the di-
ameter of the shaft 20 to- permit engagement of
the shaft by the arm, the purpose of which will
presently be made clear. Between the knop 32
and the wall §2-of the casing is a spiral spring
5{ which encireles- the shaft, said spring being
intended to apply the force required to withdraw
the pinion 2{ from engagement with the gear 37
upon the disengagement. of the locking means.
A collar 48-is securely fastened to the.shaft 20
the cylindrical face of:the collar being sufficiently
broad to permit-the arm 47 to rest thereon after
the-pinion has been withdrawn from engagement
with the gear 31. The. collar is so pesitioned
upcn said shaft and the width of its cylindrical
face is such that when the pinion 21 has been
moved- by the- shaft into. engagement  with the
gear 8T the arm 47 will be brought into engage-

ment with the shaft 20 at a point upon said shaft ;

hetween the collar 48 and the wall 52. ‘The col-
lar 48 will then be firmly held against the arm
47 by the action of- the spring 51, thereby pre-
venting-the shaft from moving toward the right,
as-shown- in Fig. 6. Aeccordingly, the pinion 21
will be securely held in engagement with the gear
87. When it is desired to withdraw. the pinion
from engagement with the gear 37, the knob. 50 is
turned in clockwise direction thereby causing the
arm- 47-to move threugh sufficient angular dis-
tance to permit the collar 48 to-pass thereunder
when the shaft 20 is drawn to the right (as in
Fig. 6) by the action of the spring 5. The form
of locking device shown in the drawing and de-
seribed herein is purely by way of illustration
since it-is cbvious that other forms of loeking de-
vices within the scope of-the present invention
may be employed to effect the-same result.
When continuous operation of a plurality of
control units such as 69-to 62, inclusive, is-de-

The pinion wiil, thereafter, remain in ¢
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sired' by & single source. of poweér, an arrange-
ment such as is shown in Fig. 6g may. be em-
ployed: In that figure, which is a rear view of a
group of-three units, a motor, represented by 38,
is- shown mounted upon the topmost unit and
connected: to the control mechanism in each of
sald units by either a. belt drive or g chain and
sprocket drive, but the motor may be placed in
other positions in relation to the.units, if desired.
Obviously, any number of units desired may be
driven by a single-motor of suitaple power, but in
order-to-keep.a plurality of units in alignment a
suitable framework is necessary, such, for ex-
ambple, as is represented by dot-and-dash lines
in Fig. 8a.

Although the motor is shown in Fig. 6a con-
nected.to. all units, it should not he implied that
all units must be operated simultaneously. As
mentioned hereinbefore, each control unit may
be readily adjusted for cperation, either manual-
ly or by motor drive, as desired, by shifting the
position.of the pinion in the unit. For example,
if- it i5 desired: to maintain constantly a definite
hue of color by the light sources controlled by one
of the units, for example, 81, and at the same
time to produce repstitively the range of colors
of: the light sourees controlled by the other con-
trol units, 60 and 62, that result may be obtained
by maintaining the pinion 21 of unit 81 out of
engagement with the gear 37T and: at the same
time keeping the piniens of the other units in en-
gagement with the gears 37 of those unifs. The
contrel unit: 84 would, of course, be adjusted to
effeet: the production of the desired hue of color
by the lights controlled thereby in the manner
fully descriled hereinbefore.

Figs. 7 and 7a show.other ways in which the
normally inactivated source of colored light may
be employed in:the circuit shown in.Fig. 1. The
arrangement: shown in Fig. 7 shows the manner
in which the normally inactivated source of color
may be empleyed to pastel’ the two activated
sources- of color in a three~-color lighting system.
As-shown in that. figure, a resistance 54 is pro-
vided; the magnitude of which is sufficient to re-
duce the light: value of a colored source of light
to-a desired level. The resistance 54 is connected
between contact member 2 of the dimmer ang the
movable member 7a of the switch 9. When the
switeh is closed by moving the member (Tg into
contact with 8a¢, the normally inactive colored
lamp; such as the red lamp indicated, is connect-
ed to the-dimmer, the connection including the
contactor: 2, resistance B4, swifch 9¢, conductor
45; contact T-of switch B, and the red lamp. Ac-
cordingly, the red lamp would be activated, but
at-a lower intensity than would be the case if the
lamp were connected directly to the dimmer.
Since-red is the complemantary color of the hue
resulting from blue and- green (which- are the
normally activated colers when red is normally
inactivated), the red light-has a.pastelling effect
upon - the resulting hue of blue and green. The
arrangement shown in Fig. 7a provides for the
connection. of a normally inactivated lamp in
series with-the resistance to pastel the resulting
hue of the other two colors, or to use the nor-
mally-inactivated lamp as a resistance to reduce
the intensity of a white source of light in pastel-
ling the darker hues. When the switch 58 is op-
erated to close the contact 55—886, the normally
inactivated lamp R will be connected in series
with the resistance 544 and-thereby will become
activated but at a low light-value. When it is de-
sired to use-the inactivated:color source as a re-
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sistatce to reduce the intensity of the source of
white light, the switch 58 is operated to close its
contact 55—357, and switch 9 is operated to close
its contact 17—8, thereby connecting the normal-
1y inactivated source of colored light R in series
with the source of white light W. Ifitis not de-
sired to reduce the intensity of white light, the
switch § is operated to close its contact {1—I18,
therehy connecting the white lamp directly be-
tween the dimmer and conductor {81 of the sup-
ply circuit thereby increasing the range of near-
white tints. The term “normally inactivated”
as used herein to characterize a source of colored
light, means that the light source so character-
ized is one that, during the normal operation of
the apparatus, is at a given moment not connect-
ed to any source cf potential; for example, in Fig.
1 (when operated as a 3-color system) the red
lamp is “inactivated” at 0° when the green lamp

is connected to the dimmer and the blue lamp is ¢

connected to the power line; similarly, the blue
lamp is “inactivated” at 120° when the red lamp
is connected to the dimmer and the green lamp
is ‘connected to the line; and likewise, green is
“inactivated” at 240° when blue is connected to
the dimmer and red is connected to the line.
When the “normally inactivated” color source is
connected in series with the white source as in
Fig. 1 (when operated as a 4-color system) or in
series with a resistance as in Figs. 7 and Ta, it,
of course, becomes activated by the voltage of
said dimmer.

Figs. 8 and 8a show other arrangements by
‘which the intensity of white light in the circuit
shown in Fig. 5 may be controiled. In Fig. 8 the
white lamp W3 is shown connected in series with
resistance 33, the magnitude of which is sufficient
to reduce the maximum light value of the source
W3 to the desired level. A switch may be pro-
vided to shunt the resistance 33 when it is de-
sired to apply the full dimmer voltage to that
lamp. Fig. 8a shows another way of controlling
the intensity of white light from the source w4
which consists in connecting one side of the lamp

to a tap on the winding of the auto-transformer, 4

the tap being so placed that the maximum volt-
age applied to the lamp by the transformer will
not exceed a desired value. A switeh 66 is pro-
vided to close or open the circuit of the lamp W4
ag desired.

While the aforedescribed methods of control-
ling the intensity of the white lisht may be em-
ployed, the preferred method is that in which
the normally inactivated colored lamp is em-
ployed as a resistance to limit the voltage ap-
plied to the white lamp and, in consequence, to
reduce the intensity of illumination produced
therehy.

While the voltage-varying device has been rep-
resented in the various figures as an auto-trans-
former and has been so referred to hereinbefore,
it is to be understood that other forms of volt-
age-varying devices may be employed, such as
(but without limitation) saturable reactors, elec-
tronie devices, or resistors. The term “dimmer”
as used herein is intended to be generic to all such
voltage-varying devices.

It is to be understood that the term “white”
wherever employed in the specification and
claims, to characterize the color of light, is in-
tended to mean g more desaturated color than
the other colors employed in the lighting system,
the degree of desaturation ranging from that
represented by a paler hue than the other colors
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employed to 100% desaturation, that is; pure
white.

Furthermore, it is to be understood that the
invention is not limited to the use of the specific
colors of the sources of light mentioned here-
inbefore and indicated upon the drawing. All of
said sources may be of the same color or all
white, or any combination of colors desired.

Though the invention has been described as
embodied in particular forms and arrangements
of parts, it is to be understood that it is not so
limited but is capable of embodiment in other
and different forms and arrangements without
departing from the spirit and scope of the ap-
pended claims.

What is claimed is:

1. In a control system for colored lighting, in
combination, three electrical sources of colored
light, each of the colors of which is approxi-
mately the complementary color of a hue result-
ing from the combination of colored light of the
other two sources, an electrical source of light
of paler color than those of said other sources,
o dimmer, switching means to select a source
of colored light and to apply the dimmer volt-
age thereto, said switching means being arranged
to simultaneously maintain the application of a
constant voltage to another of said sources of
colored light and to connect the third source of
colored light in series with the light source of
paler color and said dimmer.

2. In a control system for color lighting em-
ploying three electrical sources of colored light,
each of the colors of which is the complemen-

5 tary color of a hue resulting from the combina-

tion of colored light of the other two sources, an
electrical source of light of paler color than those
of the other sources of light, the method which
consists in selecting and activating two of said
sources of colored light, and connecting the third
source of colored light in series with the light
source of paler color and activating said latter
sources as thus connected.

3. In a control system for color lighting em-
ploying three electrical sources of colored light,
an electrical source of white light and means to
activate said sources, the method which consists
in selecting and activating two of said sources
of colored light, and varying the intensity of
illuminating of said source of white light by con-
necting in series therewith the normally inacti-
vated source of colored light.

4. In a control system for color lighting em-
ploying four electrical sources of light, and
means to select and activate said sources, the
method which consists in selecting and acti-
vating two of said sources of light, activating a
third source of light and controlling the inten-
sity of its illumination by connecting in series
therewith a normally inactivated source of light.

5. In a control system for color lighting, in
combination, three electrical sources of colored
light each differing in color from the others, an
electrical source of white light, a dimmer,
switching meang to select one of said sources of
colored light and to apply the dimmer voltage
thereto while maintaining the application of a
constant voltage to another source of colored
light, said switching means being further ar-
ranged to connect the third source of colored light
in series with the source of white light and said
dimmer and common means for actuating said
first switching means.

6. In a control system for color lighting, in
combination, three electrical sources of colored

wig
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light each of the colors of which is approxi-
mately the complementary color of a hue result-
ing from the combination of light from the:other
two sources of colored light, a dimmer, switch-
ing means to select one of said sources of col-
ored: light and to apply the dimmer-voltage
thereto while maintaining the application. of a
constant voltage to a seeond source of colored
light, said switching means being further ar-
ranged to simultaneously connect the third
source of colored light in series with said dim-
mer, said connection including means to limit
the voltage applied to said third source of light.

7. The combination defined by claim 6 charac-
terized in that the number of operating eycles
threugh. which the dimmer voltage passes to
produce the full range of hues of the color cycle
equals the number of sources of colored light
employed in the system, and further character-
ized by the interchanging of the connections of
the first and the second sources of light with their
respective sources of voltage when the dimmer
voltage is maximum whereby the constant volt-
age will be applied to the first selected light

source and the dimmer voltage to the second se~ ¢

lected light source.

8. In a control system for color lighting, in
combination, three electrical sources of colored
light each of the colors of which is approxi-
mately the complementary color of a hue resuli-
ing from the combination of light from the other
two sources of colored light, o, dimmer adapted
to vary cyclically the voltage apblied to each of
said light sources in sequence throughtout. 360°
of a color cycle, each voltage cycle being equal
to 120° of the color cycle, and switching means
to change the connections of the. dimmer to. the
color sources at approximately each. 60° of the
celor cycle.

9. In a. control system for color lighting, in
tombination, three electrical sources of colored
light each of the colors of which is approxi-
mately the coroplementary color of a hue result~
ing from the combination of light from the other
two sources. of colored: light, a dimmer, switch-
ing means to select pairs of light sources in se-
quence and to connect to the dimmer one light
sources of the selected pair and to connect to a
source of constant voltage the other light source
of said pair, the color combinations of the sue-
cessively selected pairs being differen$, said
switching means being further- arranged: to con~
nect to said dimmer the source. of light remain-
ing after each selection of g pair of light sources
has been made, the connection including means
to limit the magnitude of the voltage applied to
the remaining source of light.

10. In a control system for color lighting em-
ploying three electrical sources of colored light
each of the colors of which is approximately
the complementary color of a hue resulting from
the combination of light from the other %two
sources of celored light, a dimmer and selecting
means, the method which consists in utilizing
simultanecusly the three sources of colored light,
applying to one sslected source a voltage of con-
stant value, simultaneously applying to the sec-
ond sclected source a voliage varying between
less than 25% and 100% of the stated constant
value, and simultaneously applying to the third
selected scurce a voltage varying between less
than 25% and 509 of the stated constant value
voltage, the rate of change of the voltages ap-
plied to the second and third selected gsources
being the same.
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11. In & control system for color lighting, in
combination, three electrical sources of colored
light each. of the colors of which is approxi-
mately the complementary cclor of a hue re-
sulting from the combination of light from the
other two sources of colored light, means to vary
cylically the magnitude of a constant applied
veltage and switching means to connect each of
the light sources in sequence %o said voltage
varying means, said switching means heing ar-
ranged to maintain one of said light sources
activated at full intensity and simultaneously to
maintain a second light source inactivated while
the third light scurce is simultaneously con-
nected to said voltage varying means, the periods
of activation of the first mentioned light souree
and of inactivation of said second light source
being staggered by a distance equal to one-half
of a complete cyele through which the constant
applied voltage may b varied by said voltage
varying means.

12. In a colored lighting system having a plu-
rality of sources of colered light, a source of
white light, a dimmer and selecting means, the
methed which consists in selecting simultane-
ously two sources of colored light, applying to
cne source a voltage varying continuously
through a range of values, simulitaneously ap-
plying to the second selected source a voltage
of constant value and selectively connecting a
third: scurce of colored light in series with said
source: of white light and applying thereto said
continuously varying voltage.

12. In a colored lighting system having a_plu-
rality of sources of colored light, a scurce of
white light, a dimmer and selecting means, the
method which consists in selecting simultane-
ously two sources. of colored light, applying to
the first selected source of light the dimmer-
voltage which varies cyclieally through a range
of values, simultaneously applying to the sezond
selecbed source of light a voltage of constant
value equal to the maximum. dimmer-vyoltage,
selectively conneeting a third source of colored
light In series with said source of white light
and applying thereto said dimmer-voltage, and
interchanging the connections between said firgt
and: said second source of light and the soureces
of voltage whereby the eonstant voltage will be
applied to the first seleeted light source and the
dimmer-voltage to the second selected: light
source,

14. In a system of color lighting employing
four eleetrieal sources of light, one of which. is
white and the remainder colored, a source of
voltage and means to vary said voltage, the
method of producing a range of pastel colors
which consists in selecting two of said colored
sources of light, applying a constant voltage to
one of the selected sources, simultaneously ap-
plying a varying-voltage to the other selected
source, applying a voltage to said source of
white light and reducing its intensity of illumi-
nation by automatically connecting in series
therewith the remaining source of colored light.

15. In a control system for color lichting, in
combination, a plurality of sources of light,,
means to vary the light intensity of said sources
one at a time throughout g given range of values,
a plurality of pairs of switching means each pair
being associated with one of said sources, con-
trolling means connected with all said switehing
means to selectively operate both switches of
one pair of said switching means and %o con-
nect to the intensity-varying means the source
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of licht associated with the selected pair and
simultaneously therewith to release one switch
of a previously operated pair of switches, the
source of light associated with said previously
operated pair of switches being maintained acti-
vated.

16. The combination defined by claim 7 fur-
ther characterized in that the controlling means
is also arranged to connect two other of said
sources of light in series with each other and
with the light intensity-varying means.

17. In a control system for color lighting, in
combination, three electrical sources of colored
light, each of the colors of which Is approxi-
mately the complementary color of a hue result-
ing from the combination of light from the
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other two sources of colored light, a source of -

constant voltage, a source of varying voltage the
maximum of which equals the constant volf-
age, switching means to select in sequence two
of the sources of colored light and to connect
the first selected source of light to the source of
varying voltage and the second selected source
of light to the source of constant voltage, said
switching means being arranged to effectively
interchange said connections between said
sources of light and said sources of voltage when
the varying voltage equals the constant voltage,
said switching means being further arranged to
connect the third source of colored light to said
source of varying voltage, said connection in-
cluding means to limit the voltage applied %o
said third source of colored light.

18. In a control system for color lighting, in
combination, a plurality of electrical sources of
colored light, an electrical source of white light,
a source of varying voltage, a source of constant
voltage, switching means to select in sequence
two sources of colored lisht and to connect one
source of colored light to the source of varying
voltage and the other source of colored light to
a source of constant voltage, said switching means
being arranged to effectively interchange said
connections between said sources of light and said
sources of voltage when the varying voltage equals
the constant voltage, said switching means being
further arranged to connect the non-activated
source of colored light in series with said source
of white light and said source of varying wvoltage.

19. In a control system for color lighting, in
combination, three electrical sources of colored
light each differing in color from the other, a
source of white light, a voltage-varying device,
three pairs of switches, each pair associated with
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one of said sources of colored light, controlling
means to select and operate one pair of said
switches and to apply the voltage of said voltage-
varying device to the source of colored light asso~
ciated with the selected pair of switches, said con-
{rolling means being arranged to maintain the
application of a constant voltage to a second
source of colored light and to connect the third
source of colored light in series with the source
of white light and said voltage-varying device.

20. Tn a control system for color lighting, in
combination, a plurality of electrical sources of
light one of which is white and the remainder
colored, a dimmer connected to the source of
white light and arranged for connection in se-
quence to the colored sources of light, a plurality
of pairs of switches each pair being associated
with one of said sources of colored light, a plu-
rality of simultaneously operated cams each oper-
atively connected with one of said switches, said
cams being arranged to operate both switches
of one pair to effect the application of the dimmer
voltage to the source of light associated therewith,
said cams being also arranged to release one
switch of a previously operated pair to apply a
constant voltage to the source of light associated
with said pair.

21. In a color lighting system, the combination
eomprising a power circuit, at least three elec-
trical sources of colored light and one electrical
source of light of paler hue, a single dimmer con-
nected to said circuit, and a plurality of switches
connected to said circuit and actuable to connect
any one of said three sources to said circuit at
full voltage, another of said sources in series with
said dimmer and the third of said sources to said
circuit in series with said source of paler hue
and said dimmer.

29. In the combination of claim 21, a common
operator for said switches and said dimmer.

ROLLO GILLESPIE WILLIAMS.
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